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@ Muereeeent compounda. 



@ Novel compound* obtainable by reacting together an imtdo-reagent audi ai o^hanylpnoaphonimi- 
o^b'jp^enylprtoaphcrane) with ■ c he lata of a tnnaJbon or lantwikle or actinida metal, euch aa 
b1s(dibenzoylrr*thkCte) europium lU. haa the property of fluorescing. In UV radiation. The invention 
indudea aottd poryrner bodies containing such compound*, or chelates of transition or lanthanide or 
acttntde metals generaty. the botflaa having the property of emitting tight by virtu a of Intern a*y 
generated, e.g. by trtium kyiWog radiaboa The body * preferabty of polystyrene formed by 
polymerising the monomer in (he presence of the compound or metal chelate. 
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This invantxan concerns polymer bodies which are tight-emitting by virtue of containing a transition or Ian* 
thanida or acflnWe metal chelate or otr>er complex. F<y the most part, the energy for light amission n provided 
by internal radioactivity, e.g. by using a tritlated polymer. In the courae of the work leading to this invention, 
novel compound* based on certain metal chelate* have been identified as having outstanding fluorescent 

$ properties. These compounds, and polymer bocftes containing them, also form part of thie invention. AJI these 
compounds and chelates are fluorescent, In the senss that they emit light or other relatively long wavelength 
electromagnetic radiation, on being subjected lo UV or other relatively short wavelength electromagnetic ra- 
diation, Including ionising radiation from radioactive decay. It is surprising that the compound* and chelates 
show high efficiency of light output and good stabifity in the presence of ionising radiation. 

to British patent specification 2242948 describes *i bated light emitting polymer compositions, containing one 

or more organic fluora linked to the polymer in some way, for example as a result of having been disserved in 
the monomer prior to polymerisation. The polymer compositions can be mads transparent or translucent so 
that useful light ts emitted from the entire volume of tha polymer. Such compositions have other advantages: 
they are easily fabricated and shaped; the tritium is present in combined form and so Is not released by acci- 

13 dental damage (as would for example be tha case with a glass envelope containing gaseous tritium); when 
performance falls off, the composition is easily replaced and recycled. But using the organic fluors deschbed, 
the generation of light from radioactive decay is not as efficient as may be desired. As a result, the polymer 
composition may be subject to radiation damage from the high concentrations of tritium needed to generate 
bright light 

20 Rare earth chelates having the property of fluorescing in UV radiation are well known. A. P. B. Sinha (Spec- 

troscopy in Inorganic Chembfry edited by C. N. R. Rao and John R. Ferraro, Vol. 2, Academic Press 1971 - 
History of Congress Catalogue No. 77 117102) describee several classes of rare earth chelates wtth various 
monodenmta and attentate Stands. The mechanism of fluorescence is also described. The first etap involves 
the absorption of energy by the organic part of the chelate leading to its excrtaoon from aground stale singlet 

29 to an exctted singlet The excited molecule can then go over to a triplet state in which energy can be transferred 
to a central rare earth metal ion. The excited metal loo can then undergo a radiative transition resulting, hi the 
etiarac ten sue line emission ofthe ion (Ion fluorescence). AM these steps take place in competition with other 
non-radiative steps. For efficient fluorescence, it la necsssary that the transition metal ion have a resonant 
frequency which is close to, but slightly lower than, the excited triplet frequency of tha chelating group. This 

30 ensures that the probability of tn pi et-to- resonance level transition Is high. Other complexes of Group UlAmeiaka 
and rare earth and I ant ha n ids metals with aromatic com pining agents have been described by G KaKbtratos 
(Chimika Chronica. New Series, 11, 249-266, 1982). For example, this reference describes the Eu 3+ Tb 3+ 
and U 3-1- oomplexM of d^pherryl-phospftunkriH^triphenyh 

In one aspect this invention provides a solid b«v* comprising an organic polymer or a mixture of organic 
33 and inorganic polymer, together with a chelate of - insWon or lanthanide oradlntde metal, the body having 
the pfoperty of emitting light by virtue of interna* \ jenerated Ionising radiation. Preferably the polymer is ra- 
dtoactivefy labelled so that the radioactive decay provides the ionising radiation. 

The metal chelate may be the same as or simitar to tha known classes of metal chelate referred to above. 
However, K needs to have a number of special proper be a not ahvaya possessed by the known f luoreecera: 
40 - It needs to be capable of fluorescing under the Impact of UV or other electromagnetic radiation, notorriy 

in pure form but also in dispersion or solution in an organic monomer or polymer. 
- It Is preferably soluble in the rrnnorner or monomer mix used to form the polymer body. A soiubllty of 
at least 1 0% by weight Is generally preferred. The metal chelate should preferably remain soluble as the 
monomer polymerises. 

45 - The presence of the rnetel chelate should preferably not inhibit polymertaatkjnof the rrwncrner to a trans- 

parent wholly or substantially colourless polymer, 
Up to the present time a sontilant has norma ly been regarded as consisting of a solvent plus one. two 
or three solutes. The solute vrith the fluorescence level highest m energy is called the primary solute or scin- 
tillator «nd the second and third solutes are known and act as wavelength shifters. The scintillation process 
*> has thus been seen as involving the following steps: absorption of nudes* radiation by the solvent with the 
formation of a sofvent excited state; energy transfer from the solvent to a primary scintillant followed by fluor- 
escence emission; absorption and re- em la a Ion by secondary and poaaibty tertiary adnbUanta to shift tha final 
emitted light to the desired wave-length. 

ft has surprisingly been discovered that the chelates of the trans loon metals parti cuter iy those of the rare 
&ff a art he, can act as primary sontillants, such that the nuclear radiation energy adsorbed by the solvent (polymer) 
is transferred to the Chelate or chelates and only emitted at the f irtaJ desired wavelength, this process being 
achieved without the use of secondary or tertiary scin talents or wave-shifters. These chelates have thus min 
mised energy losses and give rise to more efficient light output The metal chelates often have very narrow 
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emission spectral bands, which can be designed to be at particular wavelengths, thus enabling photodtodes 

to be used at high efficiency. 

In principle, any metai ion having an unfilled inner electron aWI, that is to say almost any transition or lan- 

thanidaoractinid«metai ion, can be ueed as the basis of the fluorescent chelate. In practice, a metal Ion having 
5 a convenient emission frequency, and a convenient resonant frequency, and an efficient transition between 

the two, is most usually chosen. The most usuaH are the lanthanide metal ions Sm 3+, Eu 3*. Tb 3+, Dy 3-*-. 

Yb 3+, Lu 3+, Gd 2+, Eu 2+. and the actfnide metal Ions U 3+ and UO a 3+. 

The chelating or completing groups are chosen to have a triplet energy isvel sJmlar to but slightly higher 

than the resonant energy level of the chosen metal ton. Known chelates, including those described in the 
io abcvementloned refers noes are likely to be suitable, including those based on d ketone and triketone chelating 

moieties. A preferred chelating group has the formula 



R * 
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where R* may be the same or different at different parts of the molecule and each R" and R' Is an ar- 
omatic or heterocyclic ring structure which may be substituted or hydrocarbon or fluoroearbon or R" Is hydro- 
gen. The identity of R" can be used to modify the triplet energy and may affect light emission. R" can also be 
2* made co-potymeriseble with a monomer, e.g. etyrene. 

IrUhe compound described in Exam pie a) below, R' ist-butyl and R M Is hydrogen. Metal chelates may have 
up to four, typically three, of such groups surrounding the metal ion. 
Examples of metal chelates useful in this invention are:- 

a) Terbium (3+) (dlpJvak>y4me4hide)a, otherwise known as terbium tns(2^6,^tetrarnethyl-3 f 5- 
x heptanedtonato) chelate, commerciaEly avals bie from Strem Chemicals. 

b) The ol- and trt-pyrazoryl borate and the di- and tn-pyrazoiyt-N-oxide borate adducts of a). 

c) Europium (3+) (2-naphthyi trtfKjoroacetyi acetonat&) 4 

d) Uranyi (2-naphthyi trtf luoroacetyl acetonateU- This material emits strongly in the yellow part of the a pec- 
trum when cooled to about -50°C. 

35 e) The dipyrioy and dkpyridyl-N-oxkJe adducts of c) and d). 

f) A family of novel compound* derived from metal chelates as In a) to e) above has shown interesting flu- 
orescent properties and is included within the scope of the invention. 

In this aspect the invention provides a compound that results from reacting together an imido-reactant of 
formula 

40 

R 

I 

0 - Q - N - Z 



where Q may the same or different at different parts of the molecule and is P, As or Sb. 
so and R may be the same or drf f erent at dffferent parts of the molecule and each R is an aromatic or het- 

erocyclic ring structure which may be substituted or un substituted, provided that one group R may alternatively 
be a co-polyrneilsabte group, 

and Z ie either OR, or an tfiQophosphoranyl group (an organ op hosphoranyl group with two or mors P 
atoms), 

w with a chelate cf a tiar»ertic^c>rlanthanio^ or actinide metal fc>n to proc)uce a product which has the prop- 

erty of fluorescing ki UV radiation. 

These compounds are expected to have the formula 

(X, - M - O QR 3 - hQpZorX,, - M( - O - QR 2 - N - Z\ 
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where M ta the transition or lanthanlde or actlnida metal km, such a* those described above, 
X » a chelating group, 
n is 1 to 4, 
p « 1 to 4. and 
5 s is 1 to 4 preferably 1 or z 

In the above structure*. Q may be Sb or As or P, the latter being preferred. At feast four of the five groups 
R should be of aromatic or heterocyclic character the fallowing being exemplis: phenyl; p-tolyl; 2,4-dimethyl- 
phenyl; p-tertiary butyl phenyi; 1-naphthyl; 2-naphthyl; 4-pyridyl; 4-quinolyt. 
Z may be an oligophoaphoranyl group, e.g. of the formula: 
10 At, - P - f(Alk - P - Ar) m - A3k - P - ArJ, 

where Ar is aryl preferably phenyl, 
A)k is aJkane preferably -C2H4-. 
1, m and q are small Irttegera such that 1 + q is 3, 
these compounds being of the Wnd commercially available as> 
15 Dlphos-PhaPC^KPPba. 

Trlpoos - Ph 2 PC 2 H 4 P(Ph)C I H 4 PPh 2 . 
Tetraphos 1 - PhaPC^PtPh^jH^PPhCaH+PPha. 
Tetraphos II - PtCjhUPPh^ 
(See JACS 93:17 August 25 1971; 4156-4166). For •xample, a compound according to the Invention based 
10 on Dlphoa would have the formula: 

X, - M - O - P(Ph)a - N - P<Phh - Q^Hi - P(Phh = N - PfPhfc - O - M - Xn 
where Ph it phenyt. 

Alternatively, one of the g/ou ps R may be a co- polymerisable group, t hat is to say a group capable of joining 
in a porymerisation reaction with a monomer wkh which the compound is mixed. Examples are carboxykk and 
*s suJphonic acid groups, and at hylenically unsaturated rryoVocarbon groups such aa alyl and p-styryl A preferred 
imido reagent has I ha formula 



30 



Ph 



Ph 
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O-P-N-P-Ph 

I I 
Ph Ph 



where Ph Is phenyl. 

Preparation of the compoundi of this invention is straightforward. Transition metal chelates such as those 

40 descrlbad by A. P, B. Sin ha (reference above) are well known. Some are commercially available. General meth- 
od* of preparation are described by Reid and Calvin (Journal of the American Chemical Society, 72 (1930), 
2946*2952). Imido reagents are known materials (see the KaJlistratos reference above) whose preparation is 
described by R. A. Baldwin and R. M Washburn (Journal of the American Chemical Society, 63, pages 4468- 
44B7, 1961) and M. J. P, Harger and S. Westlake (Tetrahedron, 38. No. 10, pages 1 511-1515, 1962). To prepare 

*s compoundi according to the present invention, the chosen metal chelate and the chosen imkJc-raectant may 
be heated together In molar Quantities defined by the formulae above at a melting temperature of 200 "C for 
one hour. More preferably, appropriate molar quantities of ths two reactants are heated together In arefluxing 
organic solvent The inventors have found trimethylpentane whin s is 1 and toluene when s is 2 to be conve- 
nient. If the starting metal chelate it inaoluble. progress of the reaction can be monitored by noting that the 

5o reftuxing solution clears. On cooling, the desired product crystal Use a out In easily recoverable form 

Thie aspect of the invention is not restricted to compounds prepared by this route, and other preparative 
method* are possible. For example, one molar part of a complex of the metal ion with the Imido-reactanl may 
be heated with generaty 2-4 molar parts of the chelating, moiety so as to form the desired compound 

The compounds. Individually, have the property of fluorescing, in the visible or infra-red region depending 

« on the metal ion chosen, when subjected to UV or other energetic radiation. Thii property may be exploited 
>n various ways, For example, the compound may be applied as a coating on a glass vessel or on glass beads, 
snd these may be maintained in the presence of a radioactive gaa such as tltkjm or xenon- 133 or toypton- 
85. 
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The compound*, in combination, may act in a less well known manner. In certain circumstanced the energy 
collected by the metal Ion of one structure wHf not be emitted by that ion butwUJ be transferred moat efficiently, 
by so-caled radiation! est transfer, to a second different metal Ion (chelated). This phenomenon, known as - 
ion to ton transfer- can be mads very efficient by careful aeiectlon of the two metal Ion structures. For example, 

s trrvalent gadoHnium strucsjres do not usually emit light even in isolation but in combination with known fl uor- 
e&cert Lanthanlde chelates^ they prove to be very efficient energy collectors. Such metal ion chelate pairs can 
be of greater efficiency than any one chelate an Its own. 

The com pounds of this invention are particularly usaftjl in p^vmer compositions. Thus in another aspect 
the invention provides a solid body comprising sn organic pdymer or a mixture of organic and inorganic polymer 

10 together with at least one compound as described above, the body beJng capable of emitting light when sub- 
jected to a flux of electromagnetic radiation. Preferably, the flux of e4ectra magnetic radiation is generated in- 
ternafiy by radioactivity in the solid body. 

Thus, either the polymer or the metal chelate (which term is hereafter used to include novel compounds 
of this invention) may be radio-labeHed, preferably with tritium In these compositions, the metal chelates act 

18 as scintillants, either alone or in conjunction with conventional organic scintHlanla. 

Poryrners Labelled with tritium are well Known, and are most conveniently prepared by labeling a monomer 
or co-monomer with tritium prior to polymerisation. The potymer should preferably be clear for maximum effi- 
ciency at the wavelength of the emitted light, and should preferably be resistant to damage by self-Irradiation 
(EA Evans, Tritium and Its Compounds, 2nd Edition, Buttarworlha, London ^974 pagee 720-721). On these 

?o grounds, polymers of vinyl-aromatic hydrocarbons, such as styrene a nd viny toluene, are preferred. A G a (scis- 
sion) value of 0.04 Is quoted for Irradiation of potymethyfstyrene and a O x (cross-linking) value of 0.02 which 
is muDh tees than for other known polymers, see Polymer PhotophysJca and Photochemistry by J. Gullet Pub. 
Cambridge University Press, 1985 page 353 el sea,. Some or an of the protlum hydrogen in the polymer and/or 
in the metal chelate may be replaced by deuterium. Addition al stabiily is however conferred on the composition 

25 by the presence of the metal chelates, by virtue of their conversion of beta radiation energy into light (educing 
the proportion of energy avalabJa for self- irradiation of the polymer. 

The extent of tritium labelling is a compromise between several factors. By incorporating 2 atoms of tritium 
per monomer molecule, A ts possible to achieve activities of 6 OX) Ci/g. Such monomers mey be dluted with 
non-radioactive monomer, or the monomer prepared using tritium-hydrogen mixtures in the tritiation/hydrogen- 

» abon step, to achieve the overall specific radioactivity required. Activities below about 100 mCl/g ana rather 
unlikely to be useful as illuminating devices but do have a use as light sources for calibration. As the tritium 
labelled polymer is a relatively expensive material, it wil generally be prefer red to usa the minimum required 
to achieve the deaired light output All polymers labelled with radioisotopes including polystyrene culler from 
radiation damage, and at high levels of activity this may lead to darkening with loss of light output, and even- 
ts tuaihy to entitlement and degradation. Labeling to an activity of from 25 nanoouries/gram to 100 Ci/g, par- 
ticular fy 50 nanocuriea/gramto 5 curies/gram, of composition may be appropriate in many cases, with activities 
towards the lower end of that range wham a service life of more then five years is required. 

Trios ted vinyl aromatic monomers may be made by the catalytic partial reduction by tritium of eubetJtuted 
acetylenes. For the purpose of this invention, reduction is earned out with mbunvhydrooen or tJlthjm-deuterium 

40 mixtures up to 1 00 per cent isotypic abundance of tritium as required, preferably in the presence of a platinum 
or palladium catalyst or other suitable hydrogenation eatalyeL The catalyst chocen should not contain volatile 
components such as qui no line and should not be adversely affected by rr»nc*nsr stab fli sere. After the reduction 
ft la preferable to remove by f atration or by distillation any catalyst from the tritiatad monomer, it is aiao prefer- 
able to dlute the biUated monomer with n on- radioactive monomers) which have been purified art her by ctia- 

48 tlllation or by passage through a column of neutral alumina. Vinyl aromatic morKxners which are tritium labelled 
on the aromatic ring are a4so known and may be used. 

The concentration of the metal chelate should be enough to eft kaentiy convert the beta- radiation into visi- 
ble light but not so great as to inhibit polymerisation of the rronomermU or to substantially harm the properties 
of the polymer. Whse optimum cx>nce titrations may vary depending on the nature of the polymer, the extant 

90 of tritium labeling, and the nature of the scintMant. auitahl* rymr*ntrnfon« *rm Itfcaly to lie in tb» rmnqm 1 \*g 
fto 500 mg. preferably 10 - 200 mg of total scinUJtant per ml of polymer. The concentration of scinbl tarts are 
optimised for t he Hght output required but too high a concentration will result in self- absorption of the fight and 
thus reduce the efficiency - see Design Principles of Ruoresence Radiation Converters by G. Kei in Nuclear 
Instruments and Method! 67, 111-123 (1970). 

Across-linking agent may be included In the monomer mix and mey be ben of IdaJ In Increasing light output, 
as discussed below. For example, with a vinyt aromatic system, up to 50 g/l of dhrinyl benzene may useful. 

These light- emitting polymer compositions may be made by providing a reaction mix comprising at least 
one poJymertsabie organic monomer, pr efa ratify a vlriyt-aromatic hydrocarbon, labelled wit h tritium, and at least 

5 
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one metal chelate scrntaiantand subjecting the reaction mix to polymerisation condftionr The acintilant Is pre- 
ferabiy present lo sohrtion in (he monomer. Transition metal chelate* are often sparingly soluble ki vinyl-aro- 
matic monomer a; a preferred feature of adducta such as the aromatic imido-moiety la to render the compound* 
of this invention highly soluble. Preferably, polymer lation of the monomer or monomers i effected by neat 

5 n the presence or absence of free-radical porymensation initiators and in the substantial absence of oxygen. 
When the polynwUatbn reaction ts exot hermic. careful temperature control of the reaction mi* may be needed 
to avoid thermal decomposition of the organic scirtttator&. The reaction mix may be shaped prior to polymer- 
isation to generate ptastlc sheets of desired thickness, rode, flamenta. mterobeeda, capilary tubing, or other 
desired shapes. After polymerisation, the solid products can also be cut and ihaped as desired. These shapes 

to may be "slverecT In known manner to increase directional light output Thus the body may be In the shape of 
cylinder with the curved surface made internaJy reflecting, or of a chord of a cylinder with the curved surface 
and the ends made interna fly reflecting. 

Upon polymerisation Q f the monomer mix. the light emitted by the composition incniaaee, to an anient that 
is dependent on various factors. Use of purer resgeftts; increasing the hard/iees anoVor rigidity of the product 

ts (and for this reason a croee-linking agent may be beneficial); cooling the product, stretching the product or 
otherwise inducing crystallisation: all these steps may Increase light output from a given composition. 

The light emitting compositions of this invention am useful wherever a continuous or intermittent indepen- 
dent kght source is required and power lines or batter iee cannot conveniently be provided, or as a detector of 
radiation. Some examples are: 

w - Production of electricity by combination with photocells. 

- in liquid sdntJIarJon compositions as well as porymera, e.g. for liquid scintillation beta measurements. 

- In radiation, e.g. X-ray, visualisation screens where the efficiency of the new phosphors may be used 
to reduce exposure and/or improve definition. 

- Light sources for signs, gun-sights, markers on instruments. 

w - Large liQht sources on airfields and other situations where remote lighting may be required (se+aiec G 

Foldiek in Industrial Application of Radioisotopes, Pub. Elsevier 1966, p. 386 etseq. and A Novel Llght- 
Colecbon System for Segmented Scintl I etiorv Counter Calorimeters, V. Eckardt, R, Kalbach, A. Manz, 
K. P. Pretzi, N. Schmitz and D. Vranic, Nuclear Instruments and Methods , 155, 389-398 (197fi). 
Reference is directed to the accompanying drawings in which: 

K> - Figure 1 is a structure, obtained by X-ray crystaliograpriy, of the compound tris<2 t 2,e,0- tetramethyt-3,5- 

heptanedionatojterbium IIWlpheny4-phc«prKmimio^trlphenyt phosphorane. 

- Figures 2 and 3 are graphs of power output against phosphor concentration at two different potymer tri- 
tium concentrations. 

- Figure 4 is a graph of light emission intensity against wavelength for different light emitting sources. 
* - Figure 5 is a graph or power output against radioactive concentration. 

■ Figure 6 Is a graph of light emiaak>n intensity against wavelength for the formulation* of Example 5. 

- Figure 7 is a graph comparing eft latencies in terms of pew output of various light emitting sources. 

- Figure B is a graph centering efficiencies, in terms of brightness, of the same light emitting sources. 
The foWowing examples llustreta the invention. 
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EXAMPLE 1 

Tri^2,2,e,^tPtrafnethyt-3,5^wfKflnttdtanatD)tybkjm IMtphenyi-phosphonimido-triphenyt phosphorane 
(ALP-1) 



10 



IS 



20 




Tri»(2,2,6.e-tetramethy»-3 r 5.h«plan«dionato)^bium 111+ (2) was purchased from Strem Chomicab Inc. 
23 Dlph«nyl-pnosprK)nlmWo-irjph»nyt pfxwphnrana (3) was prepared by a method givan in the references 

quoted above. Oiphenyi-phosphinic acid ehlorid* (66 g) and sodium azide (30g) were stirred in dried eceloni- 
trfle (380 ml) for 64 hours. Diphenylphoaphlnk: azlde precipitated out of solution, was f llterad off and washed 
with acetonlirfle and dried to yield 72,3 g. 

24.1 g (10G mM of the diphenytphosphhic azide was disserved In dry dJ**hyl ether (50 mJ) to yield 70 ml 
x solution. Triphanylphoaphine (26 g 1 00 mM) was dissolved in diethyl ether (dried 160 ml) and the two reagents 
mixed and refluxed in a 500 ml flask fitted wKh a reflux condenser. 

The precipitated material was filtered off, washed w*h a) at her, b> dlute ammonia solution (1 0 ml of 2N 
ammonia diluted to 100 m\), and c) water (5 at 100 ml), and dried at room temperature under vacuum to yle*d 
36. 31 g (76% of t heor y) of (3). 
35 1 mM of (2) was mixad with 1 mM of (3) in a total of 5 ml trimethyl pantane, and the mixture heated to 

refhj* unt* a clear aokjtton was obtained (about 1 hour). The soiutkan waa allowed to cool yielding (ALM ) as 
a crystalline solid in nearly quantitative yield. 

X-ray crystaHooraphic examination of single crystals of the product gave rise to the structure shown in 
Figure 1. ThernrmJ analysis by differential t canning calorimeter gave a malting point of 1B9.8'C. 

40 

EXAMPLE 2 

Light emitting polymer preparation uelng (1) 

45 Reduction of later mad lata to yield d luted Misted monomer 

Phanylacetylene (1 mM 100 mg) waa reduced with 60 curies tritium gas in the presence of Pdc catalyst - 
(reference sae Example 5. 1 mt solution pumped to dryness under vacuum) then etyrene (1 0 ml without the 
atabitser removed) added along with a magnetic stirrer. The phenyl acetylene was quantitatively reduced to 
treated Styrene without then being any significant further reduction of the styrena to ethyf benzene. 
*> This produced about 1 0 mtf ifitrai or grams of Iritiated styrene at S euneWcram or mliaifra - etil containing 

Pdc catah/st and polymertaation inhibitor. The trWated styrene was removed from the cataryst, polymerisation 
inhibitor and any other contaminants by vacuum distiratton and the resulting pure trttJaled styrene added as 
required to (ALP-1 ) undftuted or diuted to give a final solution of (ALP-t) in the trttiatad rnonomer. 

« Polymerisation to yield LEP. 

A solution of poiymerlsabon catalyst (AZBN) waa added to yield a final catalyst concentration of 0.1 m*i- 
grams perm a litre. The solution waa them flushed with argon/met ha n a to minimis oxygen content which tend* 
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to quench fight emission, and the container was sealed and the solution poJ>TT>erised at 60° C for 19 hours. 

The polymer was allowed to cool to room temperature to yield a virtual* colourless high clarity polymer 
with ■ bright yellow/green (545 nanometers) light emission. 

A considerable increase in light output was observed as the rnonorner polymerised to completion. 

5 

Potywier aheplng and applying reflective coatings 

The product may then be further shaped as t is a thermoplastic to emit its light optlmaly in one plane and 
further efficiency of emissiori may be obtained by ap prying a reflective metal coating to parts of the shaped 
10 product For the tests described below, the body woe formed in the shape of a chord of e cylinder with (he 
curved surface and the ends made internally reflecting by being coated with aluminium metal. 

Figure 2 is a graph of power output (expressed In n W/Ci) against phosphof concentration at a f ixed porymer 
tritium concen ration of fl.OB Ci/g. The upper curve of the graph was obtained in an experiment in which the 
Wght emitting body was 'arvared" and optically linked to a photodiode. The lower graph was obtained h an ex* 
is periment in which these steps were omitted. 

Figure 3 is a corresponding graph, in which the polymer tritium concentration was 0.606 CVg. 

Figure 4 is a graph of emitted fight intensity against wavelength for compositions having a polymer triuum 
concentration of 6.06 Ci/g end various phosphor concentrations. Curves 1. 2, 3 and 4 were obtained with dif- 
ferent concentrations of phosphor. Curves 5, 6 and 7 are included for comparison, and were obtained using a 
20 cornmercfally obtainable source containing tritium gas in a glass vessel coated with zinc sulphide scintaant 
The fluorescent emission of the phosphor of this invention is strikingly rrK>rtochromatic at 545 nm, and the peak 
intensity at this wavelength is much higher than obtainable from the commercially avaflabie sources. 

EXAMPLE 3 

25 

Preparation of Europium <3+) tetra (naphthalene trtnirtroacetyiacetonata) bipyridyl (Eu(NTFA) 4 bipyij 

Naphthalene trtfluoroacetyfacetonate (ex Lambda Probes £ D lag noetic* (Austria) 4 7 miflimolse (1.25 
Arams) were dissolved in ethenoJ (10 ml) and Europium trichloride (1.04 melrnolea, 1.04 grams) dissolved in 
30 ethane* (6 mf) was added. The combined solutions were heated at 65°C for 30 minutes. 

Sipyrklyf (2 mUfimates. 352 milligrams} dissolved in ethAnoJ (S ml) was then added and the solution main- 
tained at 65°C for 30 minutes. 

The total volume was then reduced to 10 mi litres, neutralised with sodkim hydroxide solution and stored 
overnight at ♦2°C. 

35 The resultant precipitate was fitered off, washed with ethanol:water(7:3f (5 ml) and dried at 100*C under 

vacuum. 

EXAMPLE 4 

*° Terbium (3*) (2,2,e,6^tetramethyl-3,54ieptanedk>na<o} chelate was purchased from Strem Chemicals. 

Methods of preparing the pyraxotyl borates are described by E. TrofimenKO JAC.S. 89: 13/ June 21 186 r. 
The tri-pyrazotyl borate adduct was prepared by heating stoichiometric amounts of the chelate and the pyrazolyl 
borate In acetone to dissolution, driving off the acetone and melting the residue to a dear melt at mirrimum 
temperature. After cooling, the solid was crushed to a powder and any residual solvent pumped off under va- 

« cuurr at room temperature. 

EXAMPLE_5 

Formulatkirw ualng lent hankie chelates to produce a light emitting polymer emitting at 014 mu or 546 mu 

50 

Phenytecetytene (3 mmcHes, 290 uJ> diaeotved in ttyrene - d B (5 ml) were added to the dried homogeneous 
Pdc catalyst obtained from 4 ml of catalyst solution (Brunei + Caubert, J. Org. Chem., 1964. 49, 4058^*060). 

The above solution was stirred with 200 cuhes tritium gas. The phenytacetylene is quantitatively reduced 
to tritiated ■tyrene without there being any significant further reduction of the styrene to ethyt benzene. 
« This tritiated styrene dissolved in the fuMy d cute rated styrene - d a is removed from the catalyst. poJymer- 

isaticn inhibitor and other contaminants by vacuum distillation. 

1 ml aftquots of this material were added to the following:- 

e) 
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Terbium [DPM] 3 P fll B (see Example 4) 




21.1 mg 


Butyl PBD {primary scintfliant) 




100 mg 


Drvinyt benzene {cross-linker) 




1G mlcroJifret 


AZBN catalyst for polymerisation 




1 mg 




- 1.5 curie* 





tt> b) 





Tarbium [0PM]) P^Bl (different batch to a) 




20 mg 




Drvinyl benzana 




20 microlitres 


15 


AZBN 




1 mg 






- 8.0 curies 





Europium NTFA bipyridyl (see Example 3) 




20 mg 


Butyl PBD 




100 mg 


Oivinyt benzene 




20 microti trei 


Tripbenyl styryt lead 




5 mg 




- 8.0 curies 





3d The voFume of each aliquot was about 1.1 ml. The trill urn activity was aa staled, achieved by use of drffe rent 

specific activity tftium gas. 

All three solutions ware sealed tinder nitrogen, the containers sealed and the solutions polymerised at 
60*C for ifl hours. 

The polymer was allowed to cool to room temperature to yield dear polymer pieces. 
>5 The emission of each piece was measured after shaping to a uniform size and shape In a mould and par- 

tially silvering by vapour deposition to guide the fight out of one surface. 

The errtisaton spectra (see Figure 6). shows that the europium chelate containing polymer piece emits light 
at - 614 macron {orange-red) and the terbium chelates at » 548 milimicrona (yellow-green) 

Figure 5 ■ ■ graph of power output at 540 nm (expressed in nW) against radioactive concentration (Ci/g) 
jo of the polymer. The priosphorconcanration was held constant at 120 mg/mi. The power output go** up mora 
or leas linearly with increasing radioecUva polymer concentration. Attna higher concentrations shown, tha poly- 
styrene would have had a limited life due to radiation damage. 

EXAMPLE 6 

46 

Figure 7 is a graph comparing efficiencies of various different tight emitting sources, expressed as power 
output (nW) against polymer radioactive concentration (Ci/g). In this graph - 
Squares (line A) represent polymer sources as described in GB 2242908A 
Erect triangles (line 8) represent the formulation of Example 5b). 
so Inverted triangles (line C) represent for mulations according to Example 2 containing a phosphor concerv 

travon of 120- 150 mg/rnj of polymer 

The diamond represents a commercially avaeabla source comprising tritium gas contained in a fl0ase vessel 
coated with a zinc sulphide sdnlllant 

Figure % \m a comparable graph, in which the ordinate is not power output but brightness sxprsssed in 
66 nvWcm* of photodtode. Performance of the Exam pi* 5b) formulation (B) ia ssikingly superior to that of the pre- 
viously known polymer sources (A). Performance of the formulations (C) according to Example 2 la strikingly 
superior to the performance of al other source* including the cornmerciahy available gas source. 
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EXAMPLE 7 



ffl^ nroYlmathid>)bto(di phefl^pho»phof>mido-)riphenyl phnaphorana) auropium ill (EullirDBMI,- 
A. Preparation of •ureplum III tria(dlbanzoylraalhlda) <Euill[DBM]i 



Ph 

© / \ 

ttc 



Ph 



\ 



C-0 



3+ 



Ph 



Ph 



I I 



Ph 



PA 



CHbenzoyi methane, 100 mmoies, 22.43 grams, <ex AWrich Chemical Co. Ud.>. m.p. 77.5- 79*C), and 
sodium hydroxide 100 rnirioJee, 4 grams, wera reacted together in 50% v/v ethane* rwater. 200 ml at roam 
temperature to give a solution of lh« sodium satt of dlbenzoyl methida at a eventration of 0.5 mili- 
mofaaM. 

Europium HI chloride hexahydrate m.wt 366.31 . 6 mltmoiea 2.2 grama (ax AJdrich Cherrtcal Co ), was 
desolved in 50 ml 50% v/v «th*n Q f: water at c.60«C. and to this was addad with stirring 16 milimoies 36 
ml of tha solution of sodium diborzoyH mathkia prepared as above. 

The EuHI[D6Ml3 monohydrate precipitates out. is fHtered off. washed with walar and dried 

B. Preparation of {EullipBMfefDPTP},) 

EullUDBMl, monohydrata m_wt 839.74, 2 rrtftmolfta, 1 66 gram* and diphanyl-pfioaphofiimtto-trlphe- 
nyl phoapoorane m.wt. 477.45. 4 mllllmolas, 1 .91 grama are malted together at 20O*C in an oven and hdd 
at that temperature for one hour. The product is then dissolved in hot toluene 15 mJIUtllres and added care- 
fully to cold stirred trimethyl pentane, 500 mfllifrtres, to precipitate the compte* which is filtered off, dried 
and wetghed, yield 3.1 grams. 86% of theory of 3.59 grams, m.wt. 1776.64. 

C. Cocnpartaonofnuoreacentproperties of europium HI trt*<d (benzoyl methtde) and its Ws<dph»ny1 
pJiesphonlmldo-triphemrl phoaphorane) derivative prepared aa above and Incorporated Into poly- 
styrene 

Eul IIDBMI*. 30 mg was dissolved in 1 ml styrene. polymerised u* ng 1 .26 mg A2BN. heating overnight 
at 75-C, and shaped into a Hat sheet »1 5 mm thick. Surface reflectance measurements were made at 
room temperature and at appro*. -140-c using an excitation wavelength of 360 not EulHIDSMJaCDPTPU 
25 mg was almlarly treated end meaaured. 

The rneasurementa showed that without any adjustment for concentrate n, the nuorescence trom Eu- 
HipBMlJDPTFTi In polystyrene was apprtwimataly 6.66 times more Intense than that of EullltDBM]*,. 

If aiowance were to ba made for molar concentration then the ratio was 1 7.29. 

The comparisons of the emisaions at room temperature and appro* -140°C of the same sample is 
thought to compare the sfee of the energy population of t he trip! at level {measurement at -HO'C) with the 
sxe of thefluorescencsem lesion (a I RT) I hereby indicating theeff iciency with which that energy has been 
transferred to the tanthanklo ion and emitted. On this basis: 

EuMfDBMV aha-** mn eff leL»ney of 36^4. 

EulifDBMh[DFTP] 2 shows an efficiency of 79.72%, Le. a 2,2 fold incre»» in efficiency. 

The corresponding Samarium II chelates, namely SmlltDBMUPPTPL, and SmilfDBMHDPTP) have 
also been made and tested; the former of these two shows good fluorescence properties, the latter also 
fluoresces si polystyrene. 



EXAMPLE B 



Various analogues of styrene were Investigated aa potential light emitting polymer matrices 

10 
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Tha rnonomera were polymerised {as described In Example 2) with a fixed amount oi compound (1) (Ex- 
amp I s 1) harem after called ALP-1 at fixed radioactive concantration. The radioactivity was introduced by 'spi- 
king* tha monomar with atrial quantities of tritiated styrene (<10% vrv). Tha raeutia ari shown in Table 1. 



Tafata 1 . Relative light Output of Soma Styrana Analogues 



Styrene Analogue 


Relative Light Outputs (Arbitrary Units) 


Styrene 


100 


4- 1- Butyl styrene 


106 


4-Methylstyrene 


97 


2.4-Dimethyf styrene 


8B 


4- Met hoxyit yre ne 


60 


2,4, 6-Trirnethyl styrene 


39 


4-Vinyl*bi phenyl 


65 



Polymerisations carried out at 100 D C. t-butyi peroxide initiator (1 .5% w/v), 10% ALP wn* . 
EXAMPLE 9 

Some 1, 3- diketonates of terbium are shown kn Table 2. Compound* (1 ) and (2) are available through com 
merdai suppliers. Compound (3) is a novel fluorescent chelate based on the Itgandi irnidotetraphenyldipboa- 
phinic acid <5). Their relative light outputs in Iritiated polystyrene are shown In Table Z 

The reiaoVe light outputs were determined using a standard luminorneter with 2% w/v fluor in tritiated styr- 
ene at 100 nCiAnl. Polymerisation carried out at 100*C wtth, t-butylperoxide initiator. 




IfrUdoletrapfi^yWiprwsprUnk: ecW 

(fi) 

EXAMPLE 10 

Example 1 descrlbea tha compound ALP-1 which contains a Lewis base adduct In the form of diphenyi- 
phospfionimido thphem/lphoaphorane. This compound confers high soJubtfity ri ■tyrene and high fluorescence 
efficiency on tris(Z2,6.6-tetrarnethyt*3.5-heptAnedionato) terbium (tit) when adducted. Therefore, work was 
undertaken to vary the functionality of this phosphorane compound to investigate structure/fluorescence ef- 
ficiency relationships when adducted to terbium chelates. The relative light outputs were determined using a 
standard lumiriometer with 1 mmolrfrnl fluor In tritiated styrene 
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IlkM_2. Rttettw Utht Output «f S.^ Terbium M-Dfltetenate Che/itw 




at 100 pCUni. polymerisation ax rtod out at 1 00* C with t-bulyiperoakle initiator. The results ere shown In Table 
3. All the compounds Shown in TaMe 3 were afeo incorporated in high rsdioactK'* eventration poJyatyrorxj, 
and showed the characteristic gmn emission of terbium fluorescence displayed by ALP-1. 
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EXAMPLE 11 



A mora general Investigation of other Law* bate adducts was earned out Adducts of tria(2.2.6,6- 
tBtrwr»thyi-3,5-h«ptan«dioriato)terbKirrt(llO were prepared in situ during polymerisation. The ralattve Sghtout- 
s puts wars determined using a standard luminometer win chelate:Lafwts oase (1:1) at 1 mmoWni in slynene at 
100 MCl/mL Polymeria Ad at 1D0*C with I- butyl peroxide initiator. The results are shown in Table 4. 

EXAMPLE 12 

10 A pofymerisable phosphina oxide, p-styryldiphenyl phospNne oxide (12) was prepared and its adriuet with 

tris<2.2.6.6-t©tramethy*.3,5-hBptar^lonato)terblum (HI) prepared in situ as described. Results were obtained 
for various fluof loadings and were shown lo be essenbaUy the same (up to a ftuor concentration of 5% w/v) 
as for txiphenyi phosphine oxide. 



20 




(12) 



30 



35 



40 



45 



50 



55 
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5 

Tfrfrlf 3» R«to0fc Uffrt O irtpvU «rVark*it P1»o*p bonne A4 ducts of Trt* >-«etnmc UH. 
3,S^U»«J»ofM»o)arbtem (110 




so 
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Table 4 Lewis Base Ad ducts of Ths(2^ > e,6^»traiT>athyt>3 1 5-heptanedkKiata>tmtkjm(IH> 





Lewis Base Ad duct 


Relative Ughl Output {Arbitrary units) 


5 


NoAddud 


25 




0 i ph enyt ph osph oni m id o-trip h« nyl posp horan* 


100 




Trvrvoctylphosphin* oxkte 


52 


10 


Triphsnyiphoaphiria oxida 


9B 




Triphsnyl arayl oxide 


19 




Trlbutyi phosphate 


15 


15 


Triph&nyiphosp hate 


42 




N.N-Di math ytfof mam Ida 


37 




Morphollne 


30 


30 


Piperidlne 


45 




PyrieSna 


29 




4-Virryt-PyrW'ne 


23 


23 


Dimethyl sulphoxide 


42 




Bipyridyl 


7 


X 


EXAMPLE 13 





TetraJda^^e.e-teb-amethyl-^S-heptanedior^^ (ill), pipert dine sail (13) was prepared, its relative 

light output was determined to be haff that of ALP-1 when incorporated in a treated potystyrene matrix. De- 
termined by a standard lumirrameter at 100 ^Cl/ml, polymerised at 100*C with t- butyl peroxide catalyst. 

38 



40 



45 




(13) 

50 EXAMPLE 14 

Many of the Examples are baaed on eft lei ant terbium floors. In the I an than Ida series however, europium, 
samarium and dysprosium also show useful ion fluorescence. 
55 Terbium and europium In general are reported as mora sff ieient than sajnarfum and dysprosium. For eu- 

ropium, soma extremely eff leant perfluortnated 1 .3-dketonate chrtatee are descrtoed In the literature, napn- 
Ihoyl tnfluoro acetone for example These compounds normaly produce a deep red fluorescence. However, 
when theee fluorine containing oompounds are Incorporated in a initiated paprrwr malrix at >1C*nl rapid ra- 
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dioactfve degradation ensues, resulting In loss of light output. 

However, the known lr«-{diben2oyJmethWe) chelates of europium and samarium prove to be stable and 
moderately efficient fluora wtien Incorporated in tritiated polyscvcana. Both chelates are rendered more stable 
and more efficient a* fluora when adducted with diphenyt^jhoaphoninnido riphenylphoephorane to gwe com- 
pound* (14) and (15). Their sxeitatton/emisaion spectra si shown In Figures 9 and 10. 

Tria (^i8.B-tetrarnethyl-3>heptoneoSortatoKiysprx>»ium (HI) and it* dlphenyl-phoaphonrmido triphenyl- 
phosphorane adduct (16) have been prepared, both fluoresce yellow under UV irradiation. Compound (16) aJso 
gives the same amission whan incorporated in trrtialed polystyrene (6 Ciyg). Jl» excttstiorVamlsaion spectra *s 
shown in Figure 11. 

EXAMPLE 15 

Of the actinidee uranium as its dioxide has been investigated. The chelate shown below (17) fluoresces 
green under UV irradiation and when incorporated in tritiated polystyrene. Adduction of this compound with 
diphenyl-prtosphonimido tn phenyl phosphorane increases the aoiubaity of the chelate in styrene. This is a new 
type of fluorescent uranjrl chelate. We are unaware, ss yet of any oth*r room tamperature fluoreacant uranyl 
chelate of this type. Us exgitatton/ernission spectra Is shown in Figure 12. 

EXAMPLE 16 

WaveahiftefS such as dimethyf-POPOP and xylene may be incorporated I* tritiated polystyrene w*h ALP- 
1 to increase the light output (10-20%) with various loadings 1-10% w/v wavaahifter. 
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Experimental: Oeneral 

Unless stated otherwiee the chemicals used in this work were obtained through commecciai sources and 
were JMd without further purification. H.p.Lc grade solvents were used wherever possible, for reactions in- 
5 voWing moisture sensitive reagents, Aldrich sure-seaJ dry advents were used. Synthetic procedures have al- 
ready been described in the preJirrtirwy patent application for ALP-1 and diprtenylprtrophinyi azkle (a com- 
monly used reagent). 

Matting paints were obtained on a Sofco DSC 220 differential scanning calorimeter. 

ExcttationVemtsston spectra were recorded on a Parkin Elmer L3-50 spectrofkKxirneter. 

10 

Preparation of THa^ Id rtstraphenyl diphosphate scid)terblum(IB) (3) 

BI*<dJphenyl ptx>sphjno)irrWie 

ts Dip hen ylphciaphtnyf chloride (57. 5g, 0.261 mole) in toluene (100ml) was added to hexamethyldiwlazane 

(21.0g. 0.130mo^) in toluene { 50ml) at 80- 90* Cover 20 minutes. The reaction mixture was heated at 85*C for 
2 hours then lOTrC for 1 hour. The reaction mixture was then evaporated to Ca 100ml volume. A white sdtd 
was collected upon cooling. Recrystailization from hot toluene gave a white solid 19.5?. (mp 147°C; Lit 2 mp. 
149-151). 

20 

Imtdotetraphenyldtphosphinic acid (5) 

Hydrogen peroxide (6ml, 30% w/v) was added dm pwtse to a sub pan* Ion of b^diprter^prK>slne>lrn*ne(1Gg, 
26m ode) in tetnahydrofuran (100ml) at 5°C. The reaction mixture was stirred for two hours and then filtered. 
29 The solid was dissolved In rT* t r, an ot ammonia (4:1; 23ml), trie solution flteredi then acidified with concentrat- 
ed hydrochloric acid, a solid precipitated which was washed with water (30ml}, ethanol (30ml) and hexane 
(30mi) to give a white solid (8.6g). (mp. 279*C ltt;2m.p. 283 a C). 

Tris(lfnJdrt»trapheriyldlr>hosphlnlc actd)terfaium<lir>(3) 

30 

IrnKJotetra phenyl cfiphosphinic ackj (8-34g, 20rnrnote) and potassium hydroxide |1 .12g, 20rrtrnole) were 
heated to reflux in ethanot/water (10:3, 130ml) for 10 minutes. A fine precipitate was f Stored off. 

Terbium chloride (hexehydrate) <2.48g. 6.84mmole) in elhanoVwster (3,2. 35ml) was added to the hot re- 
action solution over 25 minutse. 
m The reaction mixture wat then heated to reflux for 30 minutes. The tea c ton mixture was cooled, filtered 

and washed with water (50mf) and et hanol (50ml) . The product was dried under vacuum at 90*0 for two hours 
to give the product as an amorphous white powder (7.2g). (mp. 280*0 dlssoc). 

Compounds 6, 7, 6 and 9 were prepared by the same general method as that described for Compound 4. 

40 Ph»P>rMton ofTria(2^.6,s^t>1ram«<hyl-^5-he^ oKidaflO, 

Tris<2,2,e,6-tetrsrnethyt-3^haptanedion^ (14.1 7g. 0.02moies) and triprienylphosphine ox- 

ide (&.57g. O.Q2rnoies) were refkixed In tri m ethyl pentane (150ml) for 30 minutes. The reaction mixture was 
cooled with stirring In an ice/bath. The mother liquor was decanted and the product dried under vacuum to 
43 give the product as a white crystalline solid (17 2g) (mp. 148°C). 

Pi»F*rs*lonofTrU<2,2 ( 6,frt»trw 

Trifl<2^.6.&taftrarn«thy1~3.5-heptan^ <5.0g, 7.1mmoJe) and tri-n-octyHphosphine oxide 

(2.75a. 7 1mmok) war* r*t kjxed In trifnethytpentan* (50ml) for 2 hours Tha oorvar* waa Avaporatod tn giv* 
the product as an amber oil (7.6g). 

Preparation of p-3tyryf dlphenylphosphlne oxlde<12) 

55 p-Styiydlpherrylphosphine 

p-Styry1d»pheny1prK>eprir>e was prepared according to published procedure*. P-Chlorostyrene (30.0g, 
0.22m) In tetrahydrofuran (100ml) was added to mag res turn turnings (15g) at such a rate as to maintain reflux 
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The reaction was initiated by adding 3mJ ethyl bromide to the magnesium turning*. After 30 minutes, the re- 
action mixtures cooted to room tempecaajre and was stirred for an additional 30 minutes. The reaction lokjbon 
was then added slowly to chforodiphenytphoaphine (40.49. 0.183m) in tetrehydrofuran (100ml) with Ice-bath 
cooling. The reaction mixture was stirred for 1 how and then poured onto 3m ammonium chloride loiubon 
(300ml). The organic layer was then separated, dried over anhydrous sodium sulphate and filtered. Polymeric 
material was precipitated from solution by adding hexane (500ml). The solution waa then filtered and evapo- 
rated to give the product as a white amorphic solid which was crystallised from methanol as whits crystals 

P-Styryldlphenytphosphlne oxide (12) 

Hydrogen peroxide (30% w/v. 7ml) was added dropwise to styryldiphenylphosphine <8.4g, 29.2mmole) ri 
tetrahydrofuran (100ml) at 5°C over 30 minutes. The reaction mixture was then stirred at room temperature 
for 2 hours. The solvent was then eva pa rated and the product dried under vacuum at room temperature to give 
a dear oil (9.8g). 

Preparation of Tetr ski s< 2^,6, 6- tirtrstnethylO, 5^»ptar^ legato) terbium (01) pfperidMe mtt (13) 

2^,G F 6-tetramethy(-3 1 &<heptanedione (0.02g t Smmole) and pipeline (0.43g. Smmole) were heated at 
70*C in ethanot (30ml) for 20 minutes. Terbium chloride (0.27g, Immote) in ethanoi (10ml) was then added 
and the reaction mixture heated at 70*C for 2 hours. The product was allowed to crystalize overnight at room 
temperature and then isolated by fHtration as a white solid (mp. 110*0, decomp). 

^^iU)'*' 1 ^ ™* <dtb * nxo<ylffl * hkle)europlumOi) ds>hern/^oaphon4inldotrtphenytp 

Tris(dlbenzoy4rneth tie )europkjrn<l II) 

EwropKim chloride hex a hydrate (2.2g, 6.0mmole) in 50% squeous ethanol (50ml) was added to a solution 
of the sodium salt of 4benzoylmethida <4.37g, 16mmole) in aqueous ethanol (35ml) at$0*C. The reaction was 
atirred at 60°C for 30 minutes, thsn cooled, filtered and the solid collected, washed with water (50ml) and dried 
to give the product as a bright yeftow solid (4,5g), 

Tria(dibergdy1methtoe)eurokjm(IB) diphenyf-phosphcfwmid o triphcnylpho8phorane(14) 

Tna(dlbenzoy1methlde)europium(l IQ (3.8g. 4.2mmole) and diphenyl-phosphonimido thphenyiphosphorane 
<2.0g, 4.2mmo*e) were refkixed In bimethyi pen tone (5Dml) for 30 minutes. Reaction mixture fltered wash wfth 
pentane (30ml) to give the product as a yelow solid (S.Og). 

Preparatkin of THa|olbenaoylmeth*de)s^ej1umai^ trtphsfrytphoaphor. 
■n»(1S) ~ ~ 

Tris(dibflnzoylmetr^e)Mmar1um(IH) 

Samarium chloride anhydrous (Z56g, 10mmo*e) in 50% aqueous ethanol (50ml) was added to a solution 
of the sodium salt of dlbenzoylmethlde (6 09g. 30nrrno(e) in 50% aqueous ethanol (60mf) at 60* C. The reaction 
mixture was stirred at this temperature for 30 minutes. The reaction mixture wsa then cooled, fltered and the 
solid washed with water (50mf) lo give a bright yeHow amorphous solid (7.9g). 

Tnm(d^nri^lrT>^hidft)^m«r^m(m)<^ triphenylpho»phor»n»(1S) 

Tris<diberaoyknetrs<le)samsjTurn<m) <1.5g. 1.63mmote) and diphenyiphosphonimido dlphenylphosphor- 
ane (O.S7g, 1.83mmola) were refluxed in trimethyi pen tane (30ml) for 30 minutes. The reaction mixture was 
cooled fltered and the product dried under vacuum for 2 hours to give a yellow amorphous solid (Z0o) (mp. 
163'C). 
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Preparation of T>ta(2^ t a,fr»b>tfafnethy^,5^eptar^ 
trIphTtyiphoephorane (16) 

Tri^2,2,B,6-t«trafr»ihyf-3>heptar^ (Big, 9.75rnmole) and dlpfcenyipnoephonl- 

mkJo tripr*nyprK>aphorane were rafiuxad In tn methyl pen tane (60ml) for 30 minutes. The mother liquor was 
decanted from a small amount of insoluble ma tonal and a lowed to cool to room temperature. A white crystalline 
material formed which wu redissolved in diethyl «th«r (70ml) and clarified by Titration through a 0.4$ micron 
(iter. The solvent was evaporated to give a white solid (a.1g. mp. 154*C). 

Preparation of BlaQmldoteiriphenykllphoephlnlc acid)Uranium dioxide (ll)(17) 

Iriidotetmphenylolphoephinlcacid (4.30g, 10.3mmoie) and sodium hydroxide (0.4 12g, 10,3mmoie) were 
heated to 60 *C In 90% aoueous ethanoi (100ml). Uranyt acetate (2.0g, 3.13mmoJe) In 50% aqueous ethanoi 
(40mi) was then added quickly and the reaction mixture hated to reflux for 20 minute*. The reaction mixture 
was cooled to raom temperature, fitered, washed with ethanol (30ml) and dried under vacuum to give the prod- 
uct as a yellow solid {4.4g)> 



Claims 

1. A compound that results from reacting together an imido-reactant of formula 



R 



O - 0 - N - Z 



where Q may the same or different at different parts of the moiectie and is R A* or Sb. 

and R may be the same or different at different parts of the molecule and each R is an aromatic 
or heterocyclic ring structure which may be substituted or un substituted, provided that one group R may 
alternatively be a co-poJymerUable group. 

and Z is QRj or an oflgophosphoranyl group, 

with a chelate of a transition or lanthankfe or actinida metal Ion to produce a product which has 
the property of fluorescing in UV radiation. 

2. A compound as claimed in claim 1 , having t he formula 

<X« - M - O - QRa - N), 2 or X„ - M< - O - QRj - N ■ 2), 
where M rs the transition or lanthanide or actinide metaJ ion. 
X is a chelati ng group, 
n is 1 to 4, 
p Is 1 to 4. and 
s is 1 to 4. 

3. A compound as a aimed in ciaim 1 or daim 2, wherein the mido-reactant has the formula 



Ph Ph 



0-P-N-P-Ph 



Ph 



20 
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what* Ph is phenyl, 

4. A compound as claimed in any one of claims 1 to 3, wherein the chelate comprises a chelating moiety of 
the formula 



10 



20 



2« 



where R' may be the same or different at different parts of the molecule and R" and each R* is an 
aromatic or halerocydtc ring structure which may be substituted or hydrocarbon or f luorocarbon or R" is 
hydrogen. 

5. A compound as darned in claim 4, wherein R* ra t-bvtyl and R" la hydrogen. 

8. A compound aa d aimed in claim 4. wherein R" Is phenyl and R" is hydrogen, 

7. A compound as claimed in any of claims 1 ta 4 and S, wherein the metal ton is Europium 3+. 

a. A com pound as claimed in claim 6 and claim 7 which is tris<di6enzDyi met hide) bte<dlph»nylphoaphcriimido- 
tnphenylphosphorane) europium III having the structure; 



30 



35 



h/ N 



Ph 



3t 



Ph 



Ph 



I I 
Ph Ph 



t. A compound aa claimed in any one of claims 1 to 5, wherein the metal ion is Terbium 3+. 

40 10. A solid body comprielng an organic polymer or a mixture of organic and inorganic polymer too at her with 
a compound according to any one of daimc 1 to 0. the body being capable of emitting light when subjected 
to a fkj* of electromagnetic radiation. 



46 



11. A solid body comprising an organic polymer or a mixture of organic and Inorganic polymer, together w*h 
it least one chelate of a transition or lanthanide oracumde metal, tha body having the property of emitting 
tight by virtue of internaly generated ionising radiation. 

1*. A body aa claimed in claim 11 , wherein the chelate comprises; a chelating moiety of the formula 



so 



55 



R 



C - 0 



21 
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where FT may be the same or different at different parts of the oxnectie and R"and each R' is an 
aromatic or heterocyclic ring structure which may be substituted or hydrocarbon or fluorocartxxi or R" is 
hydrogen. 

13, A body aa daimed in claim 1 2. wherein R* is t-butyf or phenyl and R w ia hydrogen. 

14 A body as claimed in claim 11, wherein the chelate is europium (3+Xnaphthalene trifluoroecetyl aceton- 
ate> 4 bipyridyi. 

15. A body as claimed in claim 11. wherein the chelate is terbium <3+) (ptvatoyknethideh tripyrazolyl borate. 

16. A body as claimed in any one of claims 10 to 14, wherein the polymer is radioectrvery labelled 

17. A body aa dalmed ki claim 1 6, wherein the radioiaotopa is tritium. 

16. A body aa claimed in clatan 17. wherein the polymer ia labeled with tritium to an activity of 1 ^CiAg to 100 
Ci/g. 

10. A body aa claimed in any one of claima 1 0 to 1 8, which ia transparent or translucent 

20. A body as daimed in any one of datma 10 to 19, wherein the polymer is therm opias&c. 

21. A body aa claimed in anyone of a aims 10 to 20. wherein the organic polymer is a poly(vinyfaromatk:) hy- 
drocarbon. 

22. A booyai claimed in anyone of dahns 10to21. wherein some or all of the protium hydrogen in the polymer 
and/or in the compound of any one of darns 1 to 9 is replaced by deuterium. 

21. A body as daimed in any one of daJms 10 to 22 t wherein the compound of any one of dakns 1 to 9 « 
present at a concentration of 1 ng/ml to 250 mg/ml of polymer. 

24. A body aa daimed in any one of claima 10 to 23, which has been formed by subjecting to porymenaatk>n 
conditions a reaction mixture comprising at least one polymerteable monomer and the compound of any 
one of daims 1 to 9. 

25. A body as daimed in daim 24. wherein at laa&t one polymerisable monomer is tritiated. 

21 A body as claimed in any one of daima 10 to 25. in the shape of a Cylinder with the curved surface made 
internally reflecting, or of a Chord of a cylinder with the curved surface and the ends made internally re- 
flecting. 
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Fig.2. 
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RADIOACTIVE CONCENTRATION (Ci/g) 
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Fig.8. 

COMPARISON OF StUOHTNESa OF LEPS AS MEASURED 
BY POWER GENERATED PER an 2 PHOTVDIODE 
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